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INTEGRATED ANTIFUSE STRUCTURE FOR FBNfFET AND CMOS DEVICES 
Technical Field 

This invention relates to the manu&cture of very large-scale integrated devices, 
particularly FINFET and planar CMOS devices, with electrical antifuses integrated therein. 

Background Art 

In their ongoing effort to obtain smaller, faster and more eflBcient semiconductor 
devices, designers and engineers have attempted to reduce the scale of all the dimensions and 
features of the devices. In the design and manufacture of field-eflfect transistors (FETs) 
particularly, it has been found that two features are difficult to scale down: the device current 
(which is related to the size of the FET gate) and the size of fuse structures. 

To address device scaling limitations in gate design, considerable work has 
recently been done to develop manu&cturable methods to create novel types of gates. One 
example of a "dual gate" or **wrap-around gate" design is the FINFET device, where the gate 
oxide is grown on the face of a vertical fin of silicon and the gate is on both sides of the 
silicon feature, which when activated fully depletes the silicon. Figure 1 A shows two such fin 
structures 1, 2 formed on a silicon-on-insulator (SOI) substrate, where the top of the bulk 
silicon substrate 10 has a buried oxide (BOX) layer 3 foraied thereon, and the devices are 
made in a further silicon layer overlying the BOX. Silicon fins 1 1, 21 are shown after bdng 
formed by etching of this silicon layer down to the BOX surfece, using an etching hardmask 
12, 22 for image transfer. A gate oxide may then be grown on both feces of a silicon fin 
(such as faces 11a and lib of fin 1 1). The FINFET technology shows promise in offering 
higher areal gate density than more conventional planar CMOS devices, as well as better 
device performance, and lower power consumption. 

It is also desirable to incorporate the manufacture of fuses and antifiises into 
existmg processes for creating the various FET structures. As is known in the art, fuses are 
conductors which may easily be removed ("blown") to create open circuits, while antifuses 
are areas of dielectric which may be electrically broken down to form a permanent 
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conducting path. As the density of devices on a chip increases, the number of fuses and 
antifuses increases in order to provide specific addressing of each individual circuit. Fuses 
and antifuses are preferably formed with minimal expense of chip area and require no 
additional lithographic steps. Recent scaling of fuses has not kept up with the scaling rate of 
the rest of the silicon features, so that chip regions devoted to fiises are occupying a larger 
percentage of the total chip area. 

If devices are formed with shallow-trench isolation (STl), etching of the isolation 
trench may create sharp comers in the silicon where the sidewall of the trench meets the top 
silicon surface or the trench bottom. If these comers are not rounded by fiuther processing, a 
dielectric layer overlying the comers may be thinned and present reliability problems (see 
U.S. Pat. No. 6, 150,234). Similarly, etching of a contact hole through a dielectric layer may 
result in a trench with sharp comers. On the other hand, a sharp trench comer presents an 
opportunity to conveniently form antifuses (the trench bemg etched in a conductive material 
or being coated with a conductive material), since the electric field is generally enhanced at 
the comer; while an insulating layer overlying the comer is thinned (see U.S. Pat. No. 
5,502,000; U.S. Pat No. 5,322,812; U.S. Pat. No. 6,096,580 and references cited therein; 
and Chen et al., IEEE Electron Device Letters 13, 53 (1992)). 

Because significantly less chip area is required, it is preferable to fabricate 
electrical fuses rather than mechanical fuses as part of the transistor fabrication process. 
Conventional fiises are '"blown" via laser ablation or other mechanical means to create an 
electrical open. Electrical fuses or antifuses are "blown" via internal electrical wiring in the 
chip; the area requirement for electrical fiises/antifiises is therefore much less. In addition, 
mechanical fuses require a protection region around and below them, to prevent the fuse- 
blowing technique fi:om having other detrimental impacts on the chip circuits. Electrical 
fuses and antifiises do not have this requirement. To save chip area and thus reduce 
manufacturing cost, it therefore is desirable to febricate electrical fiises or antifiises which 
m^ be integrated with fabrication of FINFET and planar CMOS devices, with a minimum 
number of additional fabrication steps. 
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Disclosure of Invention 

The present invention addresses the above-described need by providing a method 
for &bricating an antifiise structure integrated with a semiconductor device, with a minimum 
of additional process steps. A region of semiconducting material is provided overlying an 
S insulator disposed on a substrate; an etching process e>q>oses a plurality of comers in the 
semiconducting material. The exposed comers are oxidized to form elongated tips at the 
comers; the oxide overlying the tips is removed. An oxide layer, such as a gate oxide, is then 
formed on the semiconducting material and overlying the comers; this layer has a reduced 
thickness at the comers. A layer of conducting material is formed in contact with the oxide 
10 layer at the comers, thereby forming a plurality of possible breakdown paths between the 

semiconducting material and the layer of conducting material through the oxide layer. 
Applying a voltage, such as a bum-in voltage, to the structure converts at least one of the 
breakdown paths to a conducting path, when it is desired to activate a spedfic antifiise 
electrically. 

1 5 This process may be practiced with FINFET or planar CMOS devices, so that the 

antifiise stmctures are integrated with those devices. 

It is noteworthy that the antifiise stmctures fabricated with this process each have 
a plurality of possible breakdown paths which are electrically in parallel. A conducting path 
may be formed by breaking down the oxide layer at any of these paths. This redundancy 

20 helps to ensure that the device will be programmable. The applied voltage is typically about 

1.5 times the nominal voltage for the device. 

Furthermore, in accordance with the present invention, an antifiise stmcture is 
provided which is integrated with a semiconductor de>dce. The antifiise stmcture includes a 
region of semiconducting material overlying an insulator disposed on a substrate; the 

25 semiconducting material has a plurality of comers with a plurality of elongated tips of the 
semiconducting material at the respective comers. An oxide layer is disposed on the 
semiconducting material and overlying the comers; the oxide layer has a nominal thickness 
and a reduced thickness at the comers less than the nominal thickness. The stmcture also 
includes a layer of conducting material in contact with the oxide layer at the comers. A 

30 feature of the stmcture is that a plurality of possible breakdown paths are disposed at the 
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comers, between the semiconducting material and the layer of conducting material through 
the reduced thickness of the oxide layer. 

It is also noteworthy that the antifuse structures are integrated at the silicon level, 
and accordingly require minimal chip area. The fabrication process for the antifuses requires 
S only one additional masking layer, relative to the standard transistor febrication processes. 

Brief Description of Drawings 

Figures lA-lG are schematic illustrations of steps in a fabrication process for 
integrated antifuses in a FINFET device, in accordance with a first embodiment of the 
10 invention. 

Figures 2A-2E are schematic illustrations of steps in a febrication process for 
integrated antifuses in a planar CMOS device, in accordance with a second embodiment of 
the invention. 



15 Best Mode for Carrying Out the Invention 

In accordance with the present invention, a plurality of antifiises is formed at a 
semiconducting gate structure by oxidation of exposed comers. This process may be applied 
to either FINFET or planar CMOS gate stmctures, as detailed below. 



20 (1) Antiftises for FINFET devices 

Figure 1 A shows two neighboring silicon fins 1 1, 21 which may form the bodies 
of FINFETs after gate electrode processing. In this illustration, one of these (fin 11) is 
instead made into an antifuse structure. The fin structure 2, which includes fin 21 and 
hardmask 22, is coated with a protective layer of resist 25; the resist is exposed and 

25 developed to uncover fin structure 1 . The exposed portion of the BOX layer 3 is then 

subjected to an isotropic etch which undercuts silicon fin 1 1 (see Figure IB). The hardmask 
12 is also removed in this step. It should be noted that the etching and undercutting results in 
four exposed comers 111-114 on silicon fin 1 1 . 

The siUcon surface of fin 1 1 is then oxidized in a low-temperature oxidation 

30 process, to form an oxide layer 3 1 thereon. The oxidation process is preferably a diy/wet/dry 
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process at 900 °C, which is known to those skilled in the art. During the oxidation process, 
two-dimensional stresses at the comers 1 11-114 result in formation of elongated tips of 
silicon 1 1 It, 1 12t, 1 13t, 1 14t, shown on an exaggerated scale in Figure IC. These tips are 
created during oxidation as the stress in the oxide film at the comers reduces the OTgrgen 
diflfiision rate. Oxide layer 3 1 is then removed in an isotropic etch process, after which resist 
25 is stripped (see Figure ID). 

An n+ ion implantation may be advantageously performed into the fiise region 
before resist 25 is removed. Although not required for operability of the stmcture as an 
antifiise, this implantation process makes the silicon portion of the fuse an improved 
conductor, and improves the performance of the fin in terms of required programming 
voltage and reliability. 

A standard gate oxide preclean is then performed on both silicon fins 1 1 and 21, 
after which a gate oxide 5 1, 52 is grown on the exposed surfaces of fins 1 1 and 21 
respectively. The thickness of the gate oxide is typically in the range 15-40 A. A polysilicon 
conductor layer 60 is then deposited over the fins; this polysilicon layer serves as the gate 
conductor for the FINFET 200, while providing a conducting path in the antifiise 100. A 
resist layer 65 is deposited over both stmctures and patterned to define the transistor gates, 
as well as one node of the fiise. As shown in Figure IE, opening 66 separates the two tjrpes 
of stmctures. The portion of polysilicon layer 60 exposed in this opening is then etched, and 
resist 65 is stripped away. The FINFET stmcture 200 and the antifiise structure 100 are thus 
electrically isolated fi-om each other (see Figure IF). 

Figure IG is a detail view showing the gate oxide 51 overlying the comers of fin 
1 1 having tips 1 1 It, 1 12t, 1 13t, 1 14t, with a reduced thickness at the comers (tips) relative 
to the nominal thickness thereof The tips at the comers are shown in an exaggerated fashion 
for the purposes of illustration; actual thinning of the oxide is approximately 15%-30% as 
compared with the oxide covering the central area on the face of the fin. The tips m Figure 
IG are shown only in cross-section; it should be understood that an elongated tip is formed 
along the edge of the fin, so that sharp ridges run the length of the fin, normal to the plane of 
the figure. It should be noted that in Figure IG there are four possible breakdown paths 
across the thinned oxide, so that there is built-in redundancy in the antifiise design. All of 
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these breakdown paths are electrically in parallel, so that an actual breakdown of any one of 
them is sufficient to convert the antifuse into an electrical short, which can be used to reroute 
data or instructions in the chip. A programming or wilting operation for the anti&se (that is, 
converting the antifiise into a conducting path) thus comprises applying a voltage sufficient to 
5 cause breakdown at one of the comers (such as com&r 113 in Figure IG, creating breakdown 
path 103), It has been found that the writing operation can be performed ^ectively using the 
bum-in voltage for the FET devices, which is typically 1.5 times the nominal voltage. For 
example, with a nominal voltage of about 1 .2 V, the bum-in voltage would be about 1.8 V. 
Accordingly, a writing operation on the antifuse may be performed at bum-in voltages 
10 without adversely affecting the normal operation of the other devices on the chip. 

(2) Antifuses for planar CMOS devices 

The essential features of the above-described method may be adapted to planar 
CMOS devices febricated on SOI substrates. Figure 2A shows three silicon gate r^ons 

15 21 1, 212, 213, where region 211 is to be made into an antifuse instead of a FET. The silicon 
re^ons are disposed on a buried oxide (BOX) 203 on substrate 210, and are separated by 
shallow trench isolation regions (STI) 215. A resist layer 205 is deposited over all the silicon 
regions, and then pattemed so that an opening 220 in the resist exposes silicon region 211 
and portions of isolation regions 215 which are to be fabricated into an antifuse. The STI 

20 material 215 (typically oxide) is then etched, in order to expose comers 21 la, 21 lb of silicon 
region 211. 

A low-temperature oxidation process is then performed so that the e^qposed 
silicon surface is covered by an oxide layer 23 1, as shown in Figure 2B. This oxidation 
process causes formation of silicon tips 21 It at the comers, as shown in Figure 2C. As noted 

25 above, the tips are shown only in cross section; sharp ridges run the length of region 21 1 
normal to the plane of the figure. The oxide layer 23 1 is then removed using an isotropic 
etch process. At this pomt it is preferred, but not required, that silicon region 211 (which will 
become the antifuse) be implanted with an n+ dopant, in order to facilitate progranmiing 
(writing) of the antifiise. Resist 205 is then removed. 

30 A standard preclean is then performed and a gate oxide 25 1, 252, 253 is grown 
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on the surface of silicon regions 21 1, 212, 213 respectively (see Figure 2D). This gate oxide 
is typically 10-20 A thick. A polysilicon layer 260 is deposited on all the silicon and isolation 
regions. This layer is then patterned with the transistor gate images, as well as defining one 
node of the antifuse, and etched so that openmgs 266 are formed over the isolation regions 
215, electrically isolating the MOS device re^ons fi-om the antifuse and fi-om each other. 

Figure 2E is a detail view of the antifiise structure for planar CMOS devices. 
The thinning of the gate oxide near the tips 21 It is exaggerated for purposes of illustration; 
the gate oxide at this location is typically 15% to 30% thinner than at the central area of the 
antifiise (that is, layer 251 has a reduced thickness at the comers 15% to 30% less than the 
nominal thickness of 10-20 A). Since at least two exposed comers of the silicon have been 
oxidized, there are at least two potential breakdown paths between the doped silicon region 
21 1 and the polysilicon conductor 260. Programming (writing) the antifiise using a voltage 
as low as the bum-in voltage ca-eates conducting path 280, shown schematically in Figure 2E. 

Industrial Applicability 

The present invention is generally applicable to the problem of febricating field- 
programmable gate arrays which are often required for application-specific integrated circuits 
(ASICs). In addition, antifiises can be used to re-route data for redundancy, such as in 
memory circuits, or in advanced microprocessors. In particular, the invention is applicable to 
gate arrays or SRAMs employing FDSfFET or planar CMOS technology. An important 
advantage of the invention is that redundant breakdown points are provided at each antifiise 
location. In addition, the antifiise fabrication process requires only one additional masking 
layer relative to the standard transistor fabrication process. Furthermore, the antifiises are 
fabricated at the silicon level (that is, during the process of building the neighboring 
transistors), resulting in significant saving of area on the chip. 

While the present invention has been described in terms of specific embodiments, 
it is evident in view of the foregoing description that numerous alternatives, modifications 
and variations will be apparent to those skilled in the art. Accordingly, the invention is 
intended to encompass all such alternatives, modifications and variations which fall within the 
scope and spirit of the invention and the following claims. 



